This study investigates the aerodynamics of an airfoil which passes close to an air-water interface with heaving motions by means of numerical simulation. Simulations are performed by solving the Navier-Stokes equation on a curvilinear coordinate system whose axes fit the moving airfoil surface in contrast to the conventional approaches which neglect the air viscosity. The air-water interface is captured by a CIP method. We show the crucial importance of taking the air viscosity into account for the successful prediction of the airfoil aerodynamics in heaving motions by demonstrating the observation of vortex separations near the leading edge of a NACA0012 airfoil at the Reynolds numbers of 50000 and 66138 based on the viscosity and the density of air and the translational velocity of the airfoil. It is found in this study that the existence of the water surface has a significant impact on the lift force on the heaving NACA0012 airfoil and the deviation of the lift coefficient from the one measured in the simulation conducted in the open space depends not only on the clearance between the airfoil and the water surface but on the mean angle of attack and the phase of the heaving. When the airfoil moves close to the surface, the surface effect on the airfoil-aerodynamics is emphasized due to the squeezedfilm damping and the interaction of the separated vortices and the air-water interface. The importance of analyzing the fluid motion of both air and water phases is illustrated by showing that the kinetic energy of the moving airfoil transferred through the the air-water interface is rather significant.
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Liang 2014 One can recognize that the vortices due to the leading edge separation flow down along the upper side of the airfoil. 
Periodic variation of the lift coefficient of a NACA0012 airfoil heaving close to an air-water interface (averaged over 20 periods). The manner how the ground effect appears due to the air-water interface varies according to the angle of attack. Fig. 7 ). It should be noted that the velocity is measured from the coordinate system at rest. The separation vortices are responsible for the kinetic energy transfer in a short time period which can be seen in Fig. 7 . Fig. 9 ). It should be noted that the velocity is measured from the coordinate system at rest. The accelerated flow under the airfoil is responsible for the kinetic energy transfer, which is different form the case with zero angle of attack. Table 1 Time averaged E a and E w (H * = 0.35).
4.90 × 10 −2 4.80 × 10 −3 9.80% 1.17 × 10 −1 7.21 × 10 −3 6.16% Fig. 11 Periodic variation of the thrust coefficient of a heaving and pitching NACA0010 airfoil (averaged over 16 periods). Good agreement with the experimental result by Fuchiwaki et al. (2006) is demonstrated.
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